Protein fractions from a gel filtration column were resolved by SDS-PAGE and silver staining. Mass fingerprinting revealed that p66 is a rat homologue of SWAP-70, which is implicated in the regulation of apoptosis in B lymphocytes 1 .
Other copurified proteins were a 49-kDa band that corresponded to rat elongation factor-1α and a 65-kDa doublet that appeared to be rat asparaginyl-tRNA synthetase. (c) Morphology of isolated HeLa cell nuclei that were incubated with the fractions indicated by the arrow in the presence of recombinant caspases-3 and -6. The nuclei were stained with DAPI and examined under a fluorescence microscope. Original magnifications: x400.
Supplementary Figure 2 The amino acid sequences of FEAT homologues are conserved across species. Hs: Homo sapiens, Bt: Bos taurus, Mm: Mus musculus, Gg: Gallus gallus, Xl, Xenopus laevis, Dm: Drosophila melanogaster, Ce: Caenorhabditis elegans, and At: Arabidopsis thaliana. Identical and similar amino acids are outlined in black and gray, respectively. Conserved protein methyltransferase motifs I, post-I, II, and III are indicated above the sequences. Alignments and shadings were generated using ClustalW and Boxshade, which are available via the world wide web. Arrows indicate the sites in human FEAT that are cleaved by caspase-3 (see Fig. 1f ). Autoradiography did not detect a band representing a substrate for a protein methyltransferase activity.
Supplementary
The motifs are also annotated as a spermine/spermidine synthase. Analyses using immunoprecipitated or purified recombinant FEAT and its fragments did not detect spermidine or spermine synthase activity.
The N-terminal SAM-binding motif is also annotated as a ubiquinone synthase.
A yeast complementation study was used to determine whether FEAT contributes to ubiquinone biosynthesis. The COQ5 gene disruptant of S. cerevisiae (strain: ∆COQ5)
is incapable of producing ubiquinone due to the lack of C-methyltransferase activity.
Because ubiquinone is required to use nonfermentable carbon sources, this strain shows a growth defect on minimum media with glycerol as the sole carbon source.
Exogenous expression of FEAT or FEAT∆C using the pDR196GW plasmid failed to rescue the growth of the ∆ COQ5 strain on glycerol plates, whereas the positive control pDR196GW-COQ5 showed complementation with growth comparable to the wild-type yeast ( Supplementary Fig. 3 ). These results strongly argue that FEAT is not involved in the biosynthesis of ubiquinone.
Conservation of caspase-3 cleavage sites among species
With a few exceptions, caspases cleave substrates on the carboxyl side of Asp (D) residues 2 . DLCD274 is consistent with the optimal P 4 -P 1 sequence that is the preferred cleavage site of caspase-3 3 . However, D274 is conserved only in human, chicken, and frog homologues, and not in cow, mouse, fly, worm, and A. thaliana homologues ( Supplementary Fig. 2 ). Although EFPD112 and HVVD288 are noncanonical cleavage sites for caspase-3, D112 and D288 are well conserved across species ( Supplementary Fig. 2 ). Similar noncanonical cleavage sites with E or H at the P 4 positions have been described, such as ESMD in procaspase-3 4 , EDLD in GATA-1 5 , EERD in p59fyn 6 , and HLAD in Bcl-xL 7 . Furthermore, it has been suggested that caspase-3 is more tolerant to variations in the cleavage site 8 .
High expression of FEAT mRNA correlates with resistance to apoptosis
The locus of the human METTL13 gene, chromosome 1q24.3, is frequently amplified in malignant lymphomas and associated with a poor prognosis [9] [10] [11] Fig. 4b ). The D112A mutation abolished the ability of the D274A/D288A mutant to suppress apoptosis (D112A/D274A/D288A), suggesting that D112 is essential for the antiapoptotic function of FEAT.
Depleting FEAT increases apoptosis in HeLa cells
To deplete endogenous FEAT by RNA interference (RNAi), HeLa cells were stably transfected with plasmids expressing short hairpin RNAs (shRNAs). Three clones with decreased FEAT protein were obtained and named 1634-8, 2056-9, and 2056-10
( Supplementary Fig. 4c ). Compared to the clones that integrated a control vector, there were no differences in the cell cycle profiles or growth in culture. Flow cytometric analyses of apoptotic DNA fragmentation revealed that STS-induced apoptosis was enhanced in FEAT knockdown cells ( Supplementary Fig. 4d ), indicating that endogenous FEAT inhibits apoptosis in cells.
Subcellular localization of the FEAT protein
Immunofluorescence microscopy revealed that FEAT is diffusely localized in the cytoplasm and nucleus (Supplementary Fig. 5 ). In addition, FEAT significantly colocalized with the endoplasmic reticulum (ER) (uppermost panels). Indeed, PSORT II analyses of the protein sequence predicted a 34.8% possibility of ER localization.
The distribution of FEAT was distinct from that of actin (middle panels) and mitochondria (lowermost panels).
FEAT transgenic mouse phenotypes
The transgenic mice were born at the expected Mendelian frequency. Except for congenital cataracts noted in ~15% of newborn transgenic mice 13 , all other organs developed normally with no visible anomalies until 9 months of age. Attempts to produced homozygous transgenic mice were unsuccessful, and pups were only infrequently born to female transgenic mice. Therefore, transgenic lines were maintained by crossing male transgenic mice to normal female C57BL/6 mice.
Still, the transgenic mice showed a progressive decline in fertility over several Fractions from each purification step were applied to desalting columns (Econo-Pac 10DG columns or Bio-Spin chromatographic columns; Bio-Rad) to exchange the solvent to KPM buffer. Each fraction was incubated with purified His-tagged caspases-3 plus -6, isolated nuclei 14 , and an ATP regeneration system 15 for 2 h at 37°C. The nuclei were stained with 1 µg/ml 4', 6-diamidino-2-phenylindole (DAPI) and then examined for typical apoptotic morphological changes under a fluorescence microscope (Olympus).
The proteins in each fraction were resolved by sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) (apparatus: BIO CRAFT) and visualized with a 2D silver staining kit II (Daiichi Pure Chemical). Purified proteins were resolved by SDS-PAGE, immobilized on a polyvinylidene fluoride (PVDF) membrane (ProBlott; Applied Biosystems), stained with 0.2% Ponceau S and 1% acetic acid, excised, and subjected to tryptic digestion followed by mass spectral analyses.
Generation of antibodies. The His-tagged FEAT N-terminal (amino acid 1-274;
His-FEAT∆C) and C-terminal (amino acid 289-699; His-FEAT∆N) proteins encoded by the pET-16b plasmids were expressed in BL21(DE3)pLys E. coli and purified with Ni 2+ -NTA agarose under denaturing conditions. The proteins were diluted in PBS and injected into rabbits. The rabbit antisera were affinity-purified using His-FEAT∆C or Transfection. Mammalian expression plasmids were transfected into COS-7, 293, HeLa, or MCF-7 cells using FuGENE 6 (Roche), and into Karpas299 cells using DMRIE-C (Roche) according to the manufacturer's instructions.
Immunoprecipitation. All processes were performed at 4°C. Cells were lysed with TNE buffer (10 mM TrisHCl, pH 7.8, 150 mM NaCl, 1% NP-40, and 1 mM ethylenediamine tetraacetic acid (EDTA)) supplemented with 1 mM PMSF, 1% (v/v) aprotinin, and 1 µg/ml CLAP for 15 min and centrifuged at 15,000 rpm for 15 min.
The indicated antibodies were added to the supernatants and then incubated for 30 min.
Protein G Sepharose (GE Healthcare Bio-Sciences) equilibrated with TNE buffer was added and the mixture was rotated for 2 h. The beads were washed with TNE buffer three times. For immunoblotting, the bound proteins were eluted by incubating the beads with SDS-PAGE sample buffer 16 for 3 min at 95°C. Analyses of p53 and ß-catenin mutations in murine HCCs. Total RNA was isolated from fresh mouse HCC tissues using the RNeasy Mini kit. PCR was performed using the KOD -Plus-DNA polymerase. Two primer sets were used to amplify the ORF of mouse p53: p53 forward-1, 5'-CTAGCATTCAGGCCCTCATC-3' and p53 reverse-1, 5'-GAAAAGTCTGCCTGTCTTCCA; p53 forward-2, 5'-GCTCCTCCCCAGCATCTTAT-3' and p53 reverse-2, 5'-TTGTGTCTCAGCCCTGAAGT-3'. The amplified products were subjected to direct sequencing. To confirm inconclusive results with the mRNAs, the mouse p53 gene was also sequenced using PCR amplification and the following primers:
5'-GCTCCGATGGTGATGGTAAG-3' (forward) and 5'-TAGCACTCAGGAGGGTGAGG-3' (reverse).
The mouse ß-catenin gene spanning exon 1 to exon 3, which includes the mutation hotspot in exon 2 24 , was PCR amplified using KOD -Plus-DNA polymerase, primers, 5'-CCTGAAGCTCAGCGCACA-3' (forward) and 5'-CCCTCATCTAGCGTCTCAGG-3' (reverse), and genomic DNA, which was obtained for the array-CGH analyses. Nested PCR was then performed with the following primers: 5'-TCTCCTTGGCTGCCTTTCTA-3' (forward) and 5'-GTCACACAGCCCTGTCAAGA-3' (reverse). Amplified PCR products were subjected to direct sequencing.
Preparation of genomic DNA for array-CGH. Genomic DNA was prepared from mouse tissues as previously described 25 . Briefly, minced tissues in 2-ml microfuge tubes were suspended in 1 ml ice-cold TEN buffer (50 mM TrisHCl, pH 8.0, 1 mM EDTA, pH 8.0, and 100 mM NaCl) and gently mixed with 150 µl of 10% SDS.
Twenty-five microliters of 20 mg/ml proteinase K was added and the tissues were incubated overnight at 50°C. Next, 1 ml TE Saturated Phenol (NIPPON GENE) was added, the samples were rotated for 1 h at room temperature, and the aqueous phase was recovered by centrifuging at 8,000 rpm for 15 min at 15°C. After the phenol extraction was repeated, the aqueous phase was collected and 1 ml chloroform:isoamyl alcohol was added. The mixture was rotated for 1 h at room temperature and the aqueous phase was recovered by centrifuging at 3,000 rpm for 10 min at 15°C. Statistical analyses. Statistical analyses were performed using the Statcel2 add-in package (OMS-publishing, Tokorozawa, Japan) for Microsoft Excel.
